The non-invasive neuroimaging techniques have improved the pre-surgical evaluation, surgical outcome and decision-making and managed to include a more extended number of patients who might not have been ideal candidates for pre-surgical evaluation in the past (Whiting et al., 2006) . Although neuroimaging could not replace icEEG as far as the localization properties are concerned, a considerable amount of studies have shown that non-invasive neuroimaging could greatly reduce the need for icEEG (Knowlton et al., 2006 , Zhang et al., 2014 .
Electroencephalography (EEG)
Scalp EEG is routinely used to record the electrical signals of the brain and is considered an effective method for defining the IZ (Rosenow and Luders, 2001 ) in approximately 70% of patients (Foldvary et al., 2001 ). EEG can be used either as a sole technique or combined with other ones. EEG source imaging (ESI), which involves combined results of EEG and MRI and computerized 3D analysis of the EEG source, has been used over the last years to localize the IZ with very promising results (Park et al., 2015 , Plummer et al., 2008 , Michel et al., 2004 . Simultaneously recorded EEG/fMRI provides high spatial and temporal resolution data for the IZ, mainly by overcoming a few of the limitations of EEG with regards to sensitivity, and improved localization in challenging cases (Hunyadi et al., 2015) . The EEG/fMRI technique is used to map haemodynamic epileptogenic-related networks in the brain, and, as a result it provides further valuable data for IZ localization (van Graan et al., 2015) . Despite the promising results of the EEG/fMRI technique, in approximately 40%-70% of the cases, it could not adequately detect the IZ. Main reasons include the lack of interictal discharges in the EEG, lack of significant blood oxygen level dependent (BOLD) signal changes in relation to their timing and presence of artifacts (Grouiller et al., 2011 , Zhang et al., 2015 .
Magnetoencephalograpy (MEG)
MEG detects the magnetic signals of the brain and has also shown very promising results as a pre-surgical evaluation method (Knowlton et al., 1997 , Stefan et al., 2000 . MEG has an increased temporal resolution that makes it effective in localizing the IZ (Tellez-Zenteno, 2005). Compared to the electric signals recorded by scalp EEG, the magnetic signals are only minimally distorted from intervening tissues (i.e., skull and dura), resulting in an improved spatial resolution and sensitivity compared to scalp EEG that can be quite useful in guiding surgery (Ebersole and Ebersole, Ray and Bowyer, Kakisaka et al., 2012) . In addition, a technique involving both MEG and EEG can detect neuronal activity at different orientation levels and therefore many studies reported the increased diagnostic value of the combined MEG/EEG in pre-surgical evaluation (Ebersole and Ebersole . In on study (Papanicolaou et al., 2005) , results from interictal MEG and ictal and interictal invasive videorecording EEG were compared in 41 surgical candidates (29 patients with temporal lobe epilepsy and 12 with extra-temporal lobe epilepsy). The study found that the overall localization accuracy of the IZ was 54% and 56% in icEEG and MEG, respectively (temporal lobe epilepsy: icEEG 55.2% versus MEG 65.5%; extra-temporal lobe epilepsy: icEEG 50.0% versus MEG 33.3%). The authors concluded that MEG might be as accurate as icEEG. In another study (Knowlton et al., 2006) , MEG and icEEG were evaluated in 49 patients with partial epilepsy. They showed that MEG and icEEG could localize the IZ at sub-lobar level in 65.3% and 69.4% of the patients, respectively. However, in another study (Knowlton et al., 2008a , Knowlton et al., 2008b in which MEG was compared to icEEG in 77 epileptic patients (39 with temporal lobe epilepsy, 33 with extra-temporal lobe epilepsy and 5 with non-localized epilepsy), it was found that MEG and icEEG localized the seizure focus in 61% and 70.1% cases, respectively. The same study found that MEG and icEEG failed to detect the seizure activity in 20.8% and 6.5% cases, respectively (Knowlton et al., 2008a) . These results indicated that MEG might not be an ideal replacement of icEEG as far as the localization ability is concerned. . During standard EEG/fMRI method, identification of the timing of interictal spikes is performed on EEG and then each one of these impulses is combined with the hemodynamic response function in order to obtain a general linear model. The latter is then linked to the fMRI data using statistical methods to reach on an activation map (Lemieux et al., 2001 ). However, this technique has a few limitations, for example EEG artifacts during fMRI scan (Jacobs et al., 2009 ).
Functional magnetic resonance imaging (fMRI)
All in all, non-invasive functional neuroimaging techniques such as MEG, EEG, fMRI alone or in combination still might not be as efficient in localizing the EZ/IZ as icEEG, especially in extra-temporal lobe idiopathic epilepsy. However non-invasive neuroimaging could reduce the need for invasive pre-surgical monitoring in certain cases. The current evidence shows that multimodal approach (i.e. combination of techniques) might be the most accurate diagnostic method, followed by MEG, EEG, EEG/fMRI and fMRI ( Figure 1) ; however results should be interpreted with caution until further studies with low overall risk of bias contribute to the current evidence. 
THE CURRENT EVIDENCE BEHIND EPILEPSY SURGERY IN VETERINARY MEDICINE
Epilepsy in dogs has been found to be the most common chronic neurological disorder, with a reported prevalence of 0.5% -5% in non-referral populations (Ekenstedt and Oberbauer, 2013, Podell et al., 1995) . In UK, this prevalence was estimated to be 0.62% (Kearsley-Fleet et al., 2013) . Drug-resistant canine epilepsy has been previously reported to affect as high as 30% of all dogs with idiopathic epilepsy (Lane and Bunch, 1990 ).
Despite
with drug-resistant epilepsy was performed and showed encouraging initial short-term results (Bagley et al., 1996) . However, the long-term outcome in these canine patients was not evaluated and further details related to the study design were not widely accessible. Due to this fact and the several limitations of the study, the overall risk of bias might be considered high. Therefore, surgical epilepsy has been inadequately described in dogs. The reason is mainly due to the fact that the EZ and/or IZ have not been extensively defined or described in animals and the lack of application of advanced functional neuroimaging techniques (e.g., EEG, MEG, fMRI). The latter are highly important in order to map and successfully localize the epileptogenic area. EEG has been used though in veterinary medicine to detect abnormal discharges in various diseases in dogs (Chandler, 2006) as well as interictal spikes in epileptic anaesthetized dogs Bernardini, 1998, Srenk and Jaggy, 1996) . The introduction of EEG in veterinary medicine as a routine diagnostic technique in the near future might change the current state and form the base of epilepsy surgery in animals.
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